In this paper, we present the first stage of a study in reducing errors occurred during the trajectory tracking by a nonholonomic mobile robot forwarding to a stable-target point. A preliminary experimental study is very important in order to verify the both velocity of DC motors with and without control the Pulse Width Modulation (PWM) for DC motors which control the velocities of left and right wheels of the mobile robot. Before any navigation control algorithm can be developed for navigate the mobile robot move in straight line to the stable target, both wheels should be set to move with the same velocity. From these preliminary experiments, we found that the PWM for left DC motor must be set higher than PWM for the right DC motor in order to achieve the least different velocity of both wheel. These PWMs setting for both DC motors then tested with a simple proportional control algorithm to verify effectiveness of selected PWM value for both DC motors in mission to navigate the mobile robot to the stable-target.
Introduction
A Mobile Robot, as it was named, is a robot with two or more wheels equipped on it to move the robot navigate in it environment. These wheels are commonly driven by one or more DC motors which speed and rotating direction can be controlled by an electrical circuit called as motor driver. This motor driver consists of a H-bridge circuit to control direction of electrical pulse (electrical current) supplied to the DC motor whether to rotate in CW (Clockwise) direction or in CCW (Counter Clockwise) direction or to brake (stop). DC motor is a very simple motor which operates or rotates when a power supply or voltage is supplied to it terminals. Amount of current entering the coil will energized magnetic field inside the motor and determine the rotation speed of the DC motor. Since, fixed power supply is used and supplied constant voltage to the DC motor, the rotation speed of DC motor is controlled by the Pulse-Width-Modulation (PWM) applied to motor driver. This PWM value or duty cycle is whether pre-defined in mobile robot's navigation control algorithm or varies by the time to move the mobile robot directed to her target with minimum or less error. Hence, it is very important for mobile robot's navigation control to have PWM control to ensure that the rotation speed or also called as angular speed of both, left and right DC motors are in the same speed for straight line navigation.
To verify, several preliminary experiments were carried out. In first experiment, the DC motors were rotating at constant voltage and mobile robot was moving in several specific times. In this experiment, the mobile robot navigation's direction was observed. Different angular speed of left side and right side of DC motors result the mobile robot moves to the left or to the right from the target. The different length from the target then recorded. To counter this problem, specific duty cycle had to be decided to individual DC motor in order to have same angular speed for both side DC motor and move the mobile robot to stable-target in straight-line navigation, as to be this research theme final target.
To validate the effectiveness of selected duty-cycle from above mentioned experiment, a simple proportional control algorithm is developed and the result is discussed detail in Section VI. Some basic operation of DC motor will be explain in Section 2, while the operation of the motor driver is explained in Section 3. In Section 4, we will explain the relationship of Pulse-Width Modulation (PWM) and the speed control of the DC motor. Section 5 and 6 are discussed on the method and findings from the preliminary experiments. We ended this paper with some conclusions in last section, Section 7.
Direct Current Motor
Mobile robots usually have multiple components, such as motors, sensors, microcontrollers and embedded computers. DC motors transform direct current into mechanical energy and are often used to drive the robots. Sensors collect data from environment and provide information to robots. Most often used sensors are vision, infrared, sonar and laser rangers. Many robots use embedded computers for high-level computation and microcontrollers for low-level controls. The microcontroller directly controls motors, sensors, and polls the sensor readings [1] .
DC motor, a direct current motor is widely used device that translate electrical pulse into mechanical movement. In the DC motor, we only have + and -terminals. Connecting these terminals to a DC power source moves the DC motor to one direction and reversing the polarity will move the DC motor to opposite direction. The speed of a DC motor is indicated in rotation per minute (rpm). As we increase the voltage, the motor speed goes up. The speed of the motor depends on three factors: (a) load, (b) voltage, and (c) current. With the fixed voltage, as the load increase, the current consumption of the DC motor is increased.
In this mobile robot development, two units of Sayama DC Geared motor model RB-35GM are installed to drive the wheels and to steer the mobile robot to the target. DC Geared motor is a complete force system consisting of a DC motor and a reduction gear train integrated in a package. This greatly reduces speed of the motor rotation thus increase the motor torque. Gear motor allows the use of low power's motor to provide great motive force at low speed such as in mobile robot application. The detail specification of the DC Geared motor is shown in Table 1 [2]. 
Motor Driver
A motor driver consists of an H-bridge circuit, a very popular circuit for driving DC motors. It is called that because it looks like the capital letter 'H' when viewed on a discrete schematic, as shown in Fig. 1 [3] . The great ability of an H-bridge circuit is that the DC motor can be driven forward and backward at any speed, optionally using a completely independent power source. H-bridge circuit uses the basic concept of transistor as a switch. Transistor with proper biasing can be used as switch, for example, it can be used to toggle between two state of a switch ON or OFF. This configuration of transistor has been used in H-bridge circuitry inside the motor driver to drive a DC motor in CW direction or CCW direction or to brake (stop). It is typically an electrical circuit that enables a voltage to be applied across a load in either direction to an output such as DC motor. This means that you can essentially reverse the direction of the current and thus reverse rotation direction of the DC motor in order to navigate the mobile robot either to move forward, turn to the left or to the right, to reverse backward or to stop. It can be done easily by control the current direction supplied to the left and to the right of DC motor. For example, to move the mobile robot forward, one of the DC motor is rotate in CW, while the other side of DC motor is applied reverse current direction to rotate in CCW direction.
In this mobile robot's development, we used DC motor driver MD30B from Cytron. MD30B is a full bridge driver intended for wide range of robotic and automotive applications. This motor driver is designed to drive high current motor, up to 3000mA. It has five ways header pin for external control connection to the microcontroller. The pins consist of Vcc, GND, CW, CCW and PWM for activating the motor, changing the direction and controlling the speed of the motor. Pullingup the CW and CCW will activate and change the rotation direction as shown in below Truth Table [4] . 
Pulse Width Modulation (PWM)
Pulse width modulation (PWM) has been widely used in electronic and electrical systems including attitude control systems, adaptive control systems, signal processing, power control systems, and so forth. The reasons for the wide applicability of pulse width modulators are that the control variable has only two or three values such that the realization of PWM control is simple and the pulse width modulators can process large signals with high efficiency and low sensitivity to noise [5] . The speed of the motor depends on three factors: (a) load, (b) voltage, and (c) current.
For the given fixed load, we can maintain a steady or constant speed by using a method called Pulse Width Modulation (PWM). By changing or modulating the width of pulse applied to the DC motor, we can increase or decrease the amount of power provided to the DC motor, thereby increasing or decreasing speed of the motor [6] . Figure 2 shows a comparison duty-cycle for four stages of power for DC motor at 25%, 50%, 75% and 100% duty-cycle.
Although the voltage has fixed amplitude, it has a variable duty-cycle which means the wider the pulse, the higher DC motor power and speed. PWM is so widely used in DC motor control that most of the microcontroller come with the PWM circuitry embedded in the chip. In this mobile robot's development, we used high-performance microprocessor, Rabbit RCM4110 from Rabbit Semiconductor as our controller. This microprocessor has a C-friendly instruction set promotes efficient development and specially design for embedded control, communications, and Ethernet connectivity. The PWM control could be easily defined by using specific library in Dynamic C such as int pwm_int( ) and int pwm_set ( ). The duty-cycle can be a value from 0 to 1024, where 0 is logic low the whole time, and 1024 is logic high the whole time [7] . To rotate the DC motor at half of its full speed, or 50% duty-cycle, PWM can be written in the program as below instruction.
pwm_set (left, (int)(0.5 * 1024), PWM_USEPORTC) ; pwm_set (right, (int)(0.5*1024), PWM_USEPORTC) ;
To turn the mobile robot to the right, the pwm_set for left wheel can be set to 0% duty-cycle or sending LOW pulse to the CW and CCW bit that control the left motor's rotating direction. It can be made by writing '0' in the below instruction. In reverse, to turn the mobile robot to the right, we give '1' to the left wheel's forward direction command and '0' to the right wheel's forward direction, as follows:
BitWrPortI(PDDR, &PDDRShadow, 1, Forward_Left); BitWrPortI(PDDR, &PDDRShadow, 0, Forward_Right);
To make a mobile robot move in sharp turn, for example sharp turn to the left, we can control the right's wheel move in forward direction while simultaneously, the left wheel is moving to the backward direction. The command to the both DC motors would be written as follows:
BitWrPortI(PDDR, &PDDRShadow, 0, Forward_Right); BitWrPortI(PDDR, &PDDRShadow, 1, Reverse_Right); BitWrPortI( PDDR, &PDDRShadow, 1, Forward_Left ); BitWrPortI( PDDR, &PDDRShadow, 0, Reverse_Left ); Any other movements of mobile robot are then could be achieved by controlling '0' or '1' to the above four instruction commands in the programming or in navigation algorithm.
Preliminary Experiment
There were three preliminary experiments have to be carried out in investigating the performance of DC motors for the mobile robot. These experiments were very important before any algorithm for robot's navigation can be developed. The experiments are: (1) Without any speed control applied to DC motor, the mobile robot is travelled for different distance. (2) To find the best speed for both, left and right DC motor, the mobile robot is tested navigate with different PWM value, for left and right DC motor. (3) For the purpose of correcting navigation error in real-time, a basic proportional control algorithm is developed and tested by different proportional gain for left and right DC motors.
Experiment 1
Purpose: Before any navigation control algorithm can be developed, it is very important to confirm whether DC motors which drive the robot's wheel are in same speed or not. Method: The mobile robot was tested to navigate for different travel length and speed for both DC motors was calculated based on the encoder pulse recorded from both encoders [8] that connected to the DC motors.
Experiment 2
Purpose: To define the best PWM value for left and right DC motor in order to minimize the different speed of both DC motor collected from Experiment 1. Method: The left and right DC motor were tested by different PWM value by fixing one PWM value for one DC motor and vary the PWM value for the other side of DC motor, and vise-versa.
Experiment 3
Purpose: To confirm mobile robot navigation's error using a PWM value for left and right DC motors gained from Experiment 2. Method: To achieve the least navigation's error, the proportional gain for left and right DC motors is varied from 0.20 to 0.40
Experimental Result
In the first experimental study, with the constant voltage 12V applied to the left and right DC motor, we did navigate the mobile robot with five different travelling time, t= 10, 15, 20, 25 and 30 seconds. Figure 3 shows that there were different wheel's speed between left wheel and right wheel, ranging from 1.59 ~ 1.74 cm/s where from the graph, we understand that the rotating speed for left DC motor is higher than right DC motor which results to the mobile robot navigate to the right side of the target. To correct the different velocity occurred between left and right DC motor in Experiment 2, we conducted an experiment to find the best-fit velocity for both DC motor so that the least different velocity between two wheels could be achieved and mobile robot could navigate in straight line to the target. For different PWM varied from 100 ~ 500 for both DC motor, as shown in Fig 4, In Experiment 3, using the PWM gained from experiment 2 (PWM_L = 100 and PWM_R = 200), we designed a basic Proportional control to validate the accuracy of mobile robot in navigating to stable target with the least error. From the several experimental test, we found that the best proportional gain for right wheel is defined at Kp_R = 0.50 while the best proportional gain for the left wheel is found at Kp_L = 0.30 as shown in Fig 5. The graph shows the different velocity of left wheel and right wheel for different proportional gain for left wheel.
In proportional control, the mobile robot's navigation is corrected it path by the proportional gain set for the both wheels as given by equation (1) and (2) derived by M. Sugisaka and D. Hazry [9] .
where c R and c L are the proportional control factor applied to the system and e R and e L are the differences between the number of encoder pulse for the target and the actual number of encoder pulse for the right and left wheel at k-th sampling time. PWM at k+1-th sampling time are decided by equation ( 
Conclusion
As per conclusion, it is very important to researchers to confirm initial speed for DC motors for mobile robot, before any control algorithm could be developed to control navigation of mobile robot. The DC motor's rotation speed may varies even the same voltage is applied to the same type and same model of DC motors. The differences might come from DC motor itself -the different in Armature resistance -even it might be within the manufacturer's control tolerance, or it might comes from the mechanical properties of mobile robot -different in friction between gears and wheels, etc which need to be further confirm in the next stage of this research study.
